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Remarks 

Reconsideration of pending Claims 1-34, 50-65 and 69-76 is respectfully requested. 
In sum, Applicant believes that the Final Rejection is in error because: 

1 . The Examiner has mischaracterized the meaning of a "bond pad" as that structure 
is understood in the art. 

2. None of (a) the alloy layer 1 8 of Matsunaga, (b) elements 408b with 404b and 
408c with 404c of Sheu, or (c) elements 132A-132C of Duesman are structurally 
or functionally the same as a pad electrode (bond pad). 

3. The Examiner is ignoring the single pad electrode layer 412 of Sheu. 

4. The Examiner is erroneously ignoring limitations in the claims. 

5. There is no motivation to nwdify^ateunaga to provide two bond pads, each J>ond_ 
pad having a plurality of lower metal layers. 

6. The combination of Matsunaga or Sheu with the secondary references of 
Duesman, Ohtaka, or Geffken does not obviate the claims. 

7. Matsunaga explicitly teaches away from applying a passivation layer over any of 
the center pad electrode 15a. 

Rejections under 35 U.S.C $ 102(e) (Matsunaga) 

The Examiner responded to Applicant's responsive arguments by maintaining the 
Section 102(e) rejection of Claims 1, 2, 5, 7-14, 16-18, 21, 28, 29, 31, 32, 34, 50, 52, 53, 55, 
57-65, 69, 70, 72, 73, 75 and 76 as anticipated by USP 6,504,252 (Matsunaga). This rejection is 
respectfully traversed. 

The Examiner maintains the rejection of the claims over Matsunaga for the following 
reasons (Office Action at paragraph 1 1 at page 19; emphasis added): 

a) Matsunaga discloses bond pads formed by two metal layers — 1 5a, 1 5b, and 1 8 
— with alloy layer (1 8) formed on top of pad electrodes 1 5a, 1 5b; and 

b) There is no structural or functional difference between element (1 8) as an , 
alloy layer or as a pad electrode. 
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First of all, alloy layer (1 8) is not structurally and functionally the same as a pad 
electrode. This is evident in the discussion of FIG. 5 1 — illustrating the probing of the pad 
electrodes 15a, 15b (at col. 6, lines 35-45, emphasis added): 




FIG. 5 shows a sectional view of the condition of the semiconductor device in which probing 
is conducted on the pad electrode shown in FIG. 2. 

In usual probing, a probe 22 slides on the pad electrode 10 and breaks a natural oxide film on 
the surface of a material (e.g., Al) of the pad electrode 10 and intrudes thereinto. By these 
breaking actions, the first split pad electrode 15a is connected to the second split pad electrode 
15b during probing as shown in FIG. 5. Therefore, also in probing for the evaluation of the 
semiconductor device, electrical connection of the pad electrode 10 can be achieved sufficiently. 

In FIG. 5 — showing the probing of the pad electrodes 15a, 15b, there is no element (18) 
present as part of the pad electrode structure. Clearly, Matsunaga does not teach element (1 8) as 
part of the pad electrodes 15a, 15b. 

Rather, element (1 8) is an alloy layer that is only present in the structure in combination 
with the bonding wire (19) — for attaching the wire (1 9) to the pad electrodes 1 5a, 1 5b — as 
illustrated in FIG. 3: 2 



1 See the description of the drawings at col. 3, lines 64-67: " FIG. 5 is a sectional view showing the condition of a 
semiconductor device according to the first embodiment of the present invention with which a probe is brought 
into contact." 

2 Matsunaga discusses the attachment of bonding wire (19) to the pad electrodes 15a, 15b, through alloy layer (18) at 
col. 6, lines 10-1 7 (emphasis added): "FIG. 3 is a sectional view showing the condition of the semiconductor 
device on which bonding to the pad electrode shown in FIG. 2 is conducted. . A bonding wire ]_9 is bonded onto 
the first and second split pad electrodes 15a and 15b, which are not covered with the passivation film 17, through 
an alloy layer 18." 
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AND MOSFETS 

Element (18) neither functions or is structurally the same as a pad electrode. ' 

Applicant also believes that the Final Rejection is in error because Matsunaga fails to 
teach or suggest all of the limitations of the claims 3 — and the Examiner is erroneously ignoring 
the limitations in the claims. 

In particular, Matsunaga fails to teach first and second bond pads — each having an 
upper and lower metal layer 4 — with a lower metal layer of one bond pad that extends 
underneath the upper metal layer of the other of the bond pads. 

The Examiner has identified the pad electrodes 15a, 15b of Matsunaga's structure in 
FIG. 3 as having two metal layers — 15a with 18 and 15b with 18. As stated above, the alloy 
layer 18 is not part of the pad electrodes 15a 5 15b. Neither layer 15a nor 15b extend beneath 
layer 18. 

However, even accepting the Examiner's assertion as true — that the pad electrodes have 
two overlying layers 15a with 18 and 15b with 18 as the Examiner contends — this does not 



3 The Examiner is directed, for example, to Claim 1 : A bond pad structure in a semiconductor device, comprising: a 

first bond pad and a second bond pad; each of the bond pads comprising at least a lower metal layer and an upper 
metal layer; with a lower metal layer of one of the bond pads extending underneath the upper metal layer of the 
other of the bond pads. 

4 For example, Matsunaga teaches pad electrode 1 5b as a "floating electrode" composed of a single metal layer 
(not an upper metal layer and a lower metal layer) — with no connections to any meta! layers or wirings — in 
order to reduce charging damage caused from plasma processing steps in forming the pad electrodes. See 
cols. 1-2, bridging paragraph; col. 5, lines 36-44 and line 66 to col. 6, line 9. 
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meet the limitation in the claim of a lower metal layer of one bond pad extending beneath the 
upper metal layer of the other of the bond pads. 

The bond pads of Applicant's semiconductor device are structured such that the lower 
metal layer of one of the bond pads extends beneath the upper metal layer of the other of the 
bond pads. The metal layers are in essence, interwoven or staggered to protect the underlying 
substrate. The lower metal layer of one of the bond pads forms an extension that extends 
beneath the upper metal layer of the other of the bond pad. Typically, an insulating passivation 
layer is deposited over the die and an opening is then etched to reveal the bond pads. The lower 
metal layer extension of the bond pad structure functions as an etch block to prevent etching of 
insulating material inbetween the first and second bond pads when etching the bond pad opening 

injhe passivation layer — sothat the underlying substrate is not etched or damage d du ring 

etching of the bond pad opening. 

Matsunaga does not teach or suggest Applicant's bond pad structure as claimed having 
first and second bond pads — each bond pad having upper and lower metal layers — with a 
lower metal layer of one of the bond pads extending underneath the upper metal layer of the 
other of the bond pads. 

Accordingly, withdrawal of this rejection is respectfully requested. 

Rejections under 35 U.S.C. S 102(e) (Sheii) 

The Examiner responded to Applicant's responsive arguments by maintaining the 
Section 102(e) rejection of Claims 22, 24, 26, 27, 71 and 74 as anticipated USP 6,455,943 
(Sheu). This rejection is respectfully traversed. 

The Examiner maintains the rejection of the claims over Sheu for the following reasons 
(Office Action at page 20, 1 st paragraph; emphasis added): 

a) Sheu discloses in FIG. 4 — first bond pad 408b, 404c [sic] and second bond pad 
408c, 404c; and 

b) There is no structural or functional difference between elements 408b with 404b, and 
408c with 404c as plugs or pads. 



MKE/882448.1 



5 of 14 



Serial No. 09/927,675 



Response After Final 



First of all, Sheu does not disclose two bond pads as recited in the claims. The bond pad 
in Sheu's structure is a single pad electrode layer 412, as shown in FIG. 4 below. 




FIG. 4 



Sheu discloses a bonding pad structure composed of a single bonding pad layer 412 and 
refers separately to the islands/plugs dual damascene structure. See at col. 5, lines 39-45 
(emphasis added): 

Referring to FIG 4, still another bonding pad structure formed by using a dual damascene process 
is shown... A substrate 400, dielectric layers 402, 406 and 410, dual damascene structures 
404a-404e and 408a-408d, a bonding pad layer 412 , and a passivation layer 414 are shown in this 
figure. The bonding pad layer 412 can also be formed by. . . The bonding pad layer 412 can be. . . 
The dielectric layers 402, 406 and 410 can be... The dual damascene structure can be... The 
passivation layer 414 can be... 

Likewise, the claims in Sheu define the bonding pad structure as having a bonding 
pad layer disposed over the conductive plugs. For example, claim 1 recites a structure 
comprising: 

a substrate; 

a plurality of distributed conductive islands ...: 

a plurality of conductive plugs on each said conductive island; 

a dielectric layer...; and 

§ bonding pad layer over said dielectric layer and said conductive plugs. 
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The Examiner is apparently ignoring pad electrode layer 412 — and maintains that 
elements 408b with 404b and 408c with 404c are two "pad electrodes." The Examiner has 
mischaracterized the meaning of a "bond pad" as that structure is understood in the art. 

The Examiner is respectfully directed to Wolf and Tauber, Silicon Processing for the 
VLSI Era (vol. 1), Lattice Press, Sunset Beach, CA (2000) at pages 827-829, which describes 
bonding pads as metal patterns exposed on a chip through openings etched into a passivation 
layer deposited onto a wafer surface. 5 

16.2.12 Passivation Layer and Pad Mask: Finally, a passivation (or overcoat) layer. . . is put 
down onto the wafer surface. . . 

Openings are etched into this layer so that a set of special metallization patterns under the 
passivation layer is exposed. These metal patterns are normally located in the periphery of the 
circuit and are called bonding pads (FIG. 16-20)... Wires are connected (bonded) to the metal of 
the bonding pads and then bonded to the chip package. . . = 

Similarly, Sheu discloses a single pad electrode layer 412 that is exposed through an 
opening in the passivation layer 414. 

As Wolf and Tauber describe, wires are bonded to the exposed surface of the bonding 

pads. Likewise, in describing the related art, Sheu also discloses that bond pads are exposed on 

the chip to facilitate the bonding of wires from the chip's bonding pads to an external device (see 

at col. 1, lines 17-20 and 47-50): 

...Electrical connections between integrated circuits on a chip and the printed circuit board are 
made through bonding pads typically provided at the periphery of the chip. . . 

. . .Electrical connections between the bonding pads of the chip and the circuit board on which 
the chip is mounted are typically provided by wire bonding thin wires between the chips 
bonding pads and the leads printed on the board. 

Elements 408b with 404b and 408c with 404c — are not structurally or functionally the 
same as two bond pads. These elements are not exposed for electrical connection to an external 
device. These elements are beneath the surface of the device. Rather, the bond pad structure in 
Sheu's device is a single bonding pad layer 412, which is exposed through an opening in the 
passivation layer 414. 

5 See also, Stanley Wolf, Silicon Processing for the VLSI Era (vol. 2), Lattice Press, Sunset Beach, CA (1 990) at page 377. 
See also Peter Van Zant, Microchip Fabrication, 4 th ed., McGraw-Hill, New York, NY (2000): at pages 82-83 
illustrating bonding pads (3) on a chip; at page 560: "...the chip wiring terminates in the larger bonding pads 
around the edge of the chip;" and the definition of "bonding pads" at page 596: 

bonding pads Electrical terminals on the chip (generally around the periphery) used for connection to the 
package electrical system. 
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Sheu does not teach or suggest Applicant's bond pad structure as claimed having first and 
second bond pads — with a lower metal layer of one of the bond pads extending underneath the 
upper metal layer of the other of the bond pads. Accordingly, withdrawal of this rejection is 
respectfully requested. 



Rejections under 35 U.S.C. §103(a) 

The Examiner maintains the Section 103(a) rejections of Claims 3, 4, 30, 33, 51 and 56 as 
obvious over Matsunaga in view of USP 6,078,100 (Duesman); Claims 6, 15, 20 and 54 as 
obvious over Matsunaga in view of USP 6,509,643 (Ohtaka); Claim 19 as obvious over 
Matsunaga; Claim 23 as obvious over Sheu in view of USP 5,883,435 (Geffken); and Claim 25 
as obvious over Sheu in view ofT)htaka^These rejectmns^e^speptfWly traversed.^ 

The Examiner maintains the obviousness rejections of the claims for the following 
reasons (Office Action at pages 20-21 ; emphasis added): 

a) in Duesman, there is no structural or functional difference between elements 
132A-132C as internal traces or bonding pads (re. claims 3, 4, 30, 33, 51, 56); 

b) the only reliance on Ohtaka is the use of a solder material as the conductive material, 
and it is irrelevant that Ohtaka does not teach or suggest connecting two bond pads with 
a conductive material (re. claims 6, 15, 20 54; and claim 25); 

c) an art worker would be motivated by Matsunaga to overlie each of the split pad 
electrodes 15a, 15b with a passivation layer — based on "the knowledge generally 
available to one of ordinary skill in the art such as preventing the bond pads from 
peeling" (re. claim 19 6 ); and 

d) Sheu discloses in FIG. 4 — two layers of bond pad (408a and 404c), and a combined 
structure of Geffken and Sheu discloses the bond pad structure of claim 23. 



b Claim 19: The bond pad structure of Claim 1 8, further comprising a passivation layer overlying a portion of each 
of the bond pads, the opening being formed through the passivation layer to expose the bond pads. 
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Rejection of Claims 3, 4. 30, 33, 51 and 56 as obvious over Matsunaga in view of Duesman . 
The Examiner maintains the rejection of the claims over Matsunaga combined with 
Duesman on the basis that: 

a) it would be obvious to modify Matsunaga by using the plurality of lower metal 
layers as taught by Duesman in FIG. 4a, and 

b) there is no structural or functional difference between elements 132A-132C as 
internal traces or bonding pads. 

First of all, contrary to the Examiner assertion — elements 132A-132C of Duesman are not 
structurally or functionally the same as bond pads. 7 These elements are not exposed for electrical 
connection to an external device. These elements are beneath the surface of the device. 8 



122 




Fig. 4b 



Furthermore, there is no motivation in either reference to modify Matsunaga to provide 
two bond pads — each bond pad having a plurality of lower metal layers. 

A stated objective of Matsunaga is to decrease charging damage to the pad electrode that can 
result from various plasma processing steps (see cols. 1-2, bridging paragraph). 



7 See the discussion above regarding "bonding pads," and the enclosed pages from Wolf and Tauber (2000), Wolf 
(1990), and Van Zant (2000). 

8 It is also noted that element (122) in FIG. 4a is a routing trace ("jumping" trace) for circuitry within the flip-chip 100 
— not a bonding pad. See FIG. 3 and cols. 4-5, bridging paragraph, and col. 5, lines 35-45. 
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To that end, Matsunaga clearly and particularly teaches a split pad electrode in which a first 
pad electrode 15a is connected to wirings and a second pad electrode 15b is a floating electrode that 
is not connected to wirings. See FIG. 2 and the discussion at col. 5, lines 36-44 and line 66 to col. 6, 
line 9 (emphasis added): 



A first embodiment shows a structure which is a base of the present invention. The present 
invention is characterized byi the fact that a pad electrode for probing or connection to a 
connecting member such as a bonding wire and a bump is split into a part electrode which is 
electrically connected to wirings and semiconductor elements and a part electrode which is not 
electrically connected to wirinss and semiconductor elements . 

As outlined above, the pad electrode 10 used in the present invention comprises the first split 
pad electrode 15a disposed in the center and the second split pad electrode 15b disposed apart 
from the first split pad electrode 15a so as to surround the first split pad electrode 15a. The first 
split pad electrode 15a is connected to the wirings 14a, 14b and 14c and to the MOSFET 1 1 in the 
semiconductor device whereas the second split pad electrode 15b is not connected to the wirinss 
14a, 14b and 14c and to the MOSFET 11 in the semiconductor device. Namely, the second split 
pad electrode 15b is made to be a floating electrode . 

The split electrode structure of Matsunaga in which the second pad electrode 15b is not 
connected to any wiring is a key element of Matsunaga 5 s invention — by decreasing the area 
which is a charge introduction port in plasma processing steps and thus preventing damage to the 
device. See, for example, col. 2, lines 24-42, and col. 3, lines 25-35. 

Based on the explicit teachings of Matsunaga of a floating pad electrode that is not 
connected to any secondary metal layers, there is no motivation to modify Matsunaga as 



Accordingly, withdrawal of the rejection of Claims 3, 4, 30, 33, 51 and 56 is respectfully 




,J0 LOWER LAYER WIRINGS 
— — — AND MOSFETS 



proposed. 



requested. 
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Rejection of Claims 6, 15, 20 and 54 as obvious over Matsunaga in view of Ohtaka, and 
Claim 25 as obvious over Sheu in view of Ohtaka . 

The Examiner maintains the rejection of the claims over Matsunaga or Sheu combined 
with Ohtaka on the basis that it would be obvious: 

a) to modify Matsunaga or Sheu by interconnecting the first bond pad to the second 
bond pad with a conductive material; 9 and 

b) to use a conductive material comprising a solder material (based on Ohtaka). 

As stated above, Matsunaga does not teach or suggest a bond pad structure having first 
and second bond pads — each bond pad having upper and lower metal layers — with a lower 
metal layer of one of the bond pads extending underneath the upper metal layer of the other of 
= the bond pads. 10 - ^ ~ * 

Accordingly, even if, arguendo, one were to utilize a solder material based on Ohtaka to 
connect the pad electrodes 15a ? 15b of Matsunaga, this would not arrive at Applicant's device as 
recited in Claims 6, 15, 20 and 54. 

As for Sheu, as previously stated, Sheu teaches a single bond pad 412 — not two bond 
pads as claimed by Applicant. 11 As such, there is no need for any interconnection between bond 
pads in Sheu's structure. Thus, the disclosure of Ohtaka combined with that of Sheu does not 
teach or suggest the bond pad structure recited in Claim 25. 

Accordingly, withdrawal of the rejection of Claims 6, 15, 20 and 54, and Claim 25 is 
respectfully requested. 

Rejection of Claim 19 based on Matsunaga . 

The Examiner maintains the rejection of Claim 19 over Matsunaga on the basis that an art 
worker would be motivated to overlie each of the pad electrodes 15a, 15b with a passivation layer. 



9 Claim 6 depends from Claim 5 which recites: "The bond pad structure of Claim 1, further comprising a conductive 
material interconnecting the first bond pad to the second bond pad." 

10 See above discussion under Section 102(e) rejection of claims based on Matsunaga. 

1 1 See above discussion of Section 1 02(e) rejection of claims based on Sheu. The Examiner has apparently ignored 
the single pad electrode layer 412, and has misconstrued underlying elements 408b/404b and 408c/404c as "pad 
electrodes." The understanding in the art - as demonstrated by the enclosed references, does not support the 
Examiner's interpretation. 
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First of all, the Examiner has provided no good basis for forming a passivation layer over 
both of the pad electrodes 15a, 15b in Matsunaga. The Examiner states that the motivation is based 
on "knowledge generally available to one of ordinary skill in the art such as preventing the bond 
pads from peeling." 

The only reference to "peeling" in Matsunaga is at col. 1, lines 56-67, with reference to 

"peeling off a resist" after a bond pad opening is etched in the passivation film (emphasis added): 

However, as aforementioned, a relatively large area is required for the pad electrode 100 to 
allow wire bonding and bump connection. ... a step of depositing a passivation film on the pad 
electrode 1 00, an etching step for opening a pad window and a step o f peeling off a resist after 
the pad window is opened . ... 

Furthermore, Matsunaga explicitly teaches away from applying a passivation layer over any 

of the ; center pad__electrode 1 5a. .Matsunaga particularly states that applying a passivation layeFteT 

cover the clearance (slot) 16 between the center pad electrode 15a and the outer pad electrode 15b 

can impair bonding (at cols. 6-7, bridging paragraph, emphasis added): 

In the meantime, generally, when a pad electrode is split, a clearance is formed between the 
split pad electrodes and the side surface of the split pad electrode is exposed. If this side surface 
is brought into contact directly with a resin for sealing a semiconductor device, there is the case 
where the pad electrode is corroded from the exposed side surface of the pad electrode by, for 
example, the interaction between the water intruded from the outside through this resin and ionic 
impurities in the resin. For this, in order to prevent the corrosion of the exposed side surface of 
the pad electrode, there is the idea that the clearance between the split pad electrodes is covered 
with a passivation film. In this case, the surface of each of the split pad electrodes is exposed 
from each different opening formed in the passivation film. However, the passivation film 
covering the clearance is sometimes broken during bonding and its residue causes the 
durability during bonding to be impaired. 

Matsunaga solves this problem by completely covering the clearance 16 between the split 
pads 15a, 1 5b with a bonding wire and eliminating the passivation layer over the clearance 
between the two pads (at col. 7, lines 1 5-39, emphasis added): 

In the first embodiment, on the other hand, as to the condition after the bonding is finished as 
shown in FIG. 3 and FIG. 4, bonding can be carried out such that the contact surface between 
both the bonding wire and the bump and the pad electrode 10 surrounds the inner periphery of the 
second split pad electrode 15b disposed so as to surround the island-like first split pad electrode 
15a. Therefore, the clearance 16 between the first split pad electrode 15a and the second split 
pad electrode 15b can be completely covered with the bonding wire and the bump and the side 
surface of each of the first and second split pad electrodes 15a and 15b is not exposed The 
surface of each of the first and second split pad electrodes 1 5a and 1 5b is exposed from one 
opening of the passivation film 1 7 covering the peripheral part of the second split pad electrode 
1 5 b and the passivation film is not formed so as to cover the clearance splitting the pad 
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electrode and this makes it possible to be free from the problem that the durability during 
bonding is impaired. .... 

The Examiner's assertion that one would be motivated to apply a passivation layer over both 
pad electrodes 15a, 15b of Matsunaga is clearly without basis, and directly opposite to Matsunaga's 
disclosure. 

The Examiner's rejection of Claim 19 based on the proposed modification of Matsunaga is 
clearly without merit and should be withdrawn. 

Rejection of Claim 23 as obvious over Sheu in view of Geffken . 

The Examiner maintains the rejection of Claim 23 over Sheu combined with Geffken on 
the basis that: _ ^ ______ = . = ^ =- - 

a) Sheu discloses in FIG. 4 — two layers of bond pad (408a and 404c) ? and 

b) a combined structure of Geffken and Sheu discloses the bond pad structure of 
Claim 23. 12 

The Examiner cites Geffken as disclosing in FIG. 5 — a passivation layer 130 formed 
over bond pads 126, 128 and etched to form an opening 150 to exposed the bond pads. 

First of all, as stated above, Sheu does not disclose two bond pads as recited in the 
claims. The bond pad in Sheu's structure is a single pad electrode layer 412 (see FIG. 4 above). 13 

Further, as previously stated — Sheu discloses a passivation layer 414 formed over pad 
electrode 412 with an opening that exposes the sinzle pad electrode 412 (see FIG. 4 above). 

Likewise, Geffken discloses openings 150 in a passivation layer 130 to expose contacts 
126, 128. 

The disclosure of Geffken combined with Sheu does not teach or suggest the bond pad 
structure recited in Claim 23. 

Sheu — either along or combined with the disclosure in Geffken — does not teach or 
suggest Applicant's bond pad structure as claimed having first and second bond pads — with a 

12 Claim 23: The bond pad structure of Claim 22, further comprising a passivation layer formed over the bond pads 
and etched to form an opening therethrough to expose the first and second bond pads. 

13 See above discussion under Section 102(e) rejection of claims based on Sheu. As argued, the Examiner is 
apparently ignoring pad electrode layer 412 — and maintains that elements 408b with 404b and 408c with 404c 
are two "pad electrodes." The Examiner has mischaracterized the meaning of a bond pad as that structure is 
understood in the art. 
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lower metal layer portion of one of the bond pads extending beneath the upper metal layer 
portion of the other of the bond pads. Accordingly, withdrawal of this rejection is respectfully 
requested. 

In sum, neither Matsunaga nor Sheu, either alone or combined with the secondary 
references of Duesman, Ohtaka and/or Geffken, teach or suggest Applicant's bond pad structure 
as claimed. Accordingly, withdrawal of these rejections is respectfully requested. 

Extension of Term. The proceedings herein are for a patent application and the 
provisions of 37 CFR § 1.136 apply. Applicant believes that no extension of term is required. 
However, this conditional petition is being made to provide for the possibility that Applicant has 
inadvertently overlooked the need for a petition for extension of time. 

Based on the above remarks, the Examiner is again respectfully requested to reconsider 
and withdraw the rejections of the claims. 

Respectfully submitted, 
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Metai-1 



Fig. 16-18 (a) Deposit Ti/TiN/AI:Cu-Me:a]-I interconnect film . (b)" UsOT^ #5 to define Metal- 1 pattern 
and then etch the metal with a dry-etch process. 

estabtotesjU^ The annealing process exposes"the wafer lo^a = 

375-500°C temperature in an H 2 . or N 2 + H 2 (5%) ambient for about 30 minutes. This step is 
also used as the annealing process for reducing the interface trap density in the gate oxide that 
was introduced by earlier processing steps (see Chap, 8). 

16.2.10 Inlermetal Dielectric Deposition and Via Patterning: if a two-ievei-metai interconnect 

structure is used, an intermetal dielectric (IMD) must be deposited to electrically isolate the 
Metal- 1 layer from the Metal-2 layer (Fig. 16- 19a). A variety of CVD processes for depositing 
such dielectric films have been developed (see Chap. 6). 

Deposition of this layer may make the wafer topography once again too severe to allow 
Metal-2 films to be deposited with adequate step coverage. One of the planarization processes 
discussed in Chap. 15 may need to be used to overcome this difficulty. 

If such techniques are successfully implemented, the wafer topography will be relatively 
planar, and any steps on its surface will be gently sloped rather than severely vertical. It is also 
necessary to open vias in the intermetal dielectric layer so an electrical connection can be 
established between Metal-2 and Metal- 1 at desired locations (Mask #9). Metal-2 must be 
deposited with adequate step coverage into these vias, but reflow is not possible because Al is 
present on the wafer (Metal- 1). Thus, in this example, a champagne glass etch process is again 
used to etch the vias (Fig. 1619b). 

16.2.11 Metal 2 Deposition and Patterning.: The processing issues of depositing and patterning 
(Mask #70) the Metal-2 layer (Fig. 16-19c) are discussed in Chaps. 1 1, 14, and 15. 



16.2.12 Passivation Layer and Pad Mask: Finally, a passivation (or overcoat) layer, such as 
CVD PSG or plasma-enhanced CVD silicon nitride (or both), is put down onto the wafer 
surface (Fig. 16-19d). This layer seals the device structures on the wafer, protecting them from 
contaminants and moisture. It also serves as a scratch protection layer. 
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lished from the chip to the package leads (see Chap. 17 for details on chip bonding). 

The bond pad openings are created by patterning the passivation layer with Mask #JL If a 
PSG layer is used, the phosphorus (2-6 wt%) in the glass not only causes it to act as a getter for 
Na but also prevents the film from cracking. Care must be taken to ensure that not more than 6% 
phosphorus is incorporated into the PSG, as this can cause corrosion of the underlying metal if 
moisture enters the circuit package (see Chap. 11). When silicon nitride is used, care must be 
taken to ensure that the deposited nitride film exhibits low stress (either tensile or compressive), 
so it will not crack. Cracking would compromise the sealing capability of the film. t 

16.3 PROCESS FLOW FOR 0.25 pm CMOS " ~ ~~ 

An example process flow for 0.25 ^m CMOS (and perhaps for the 0.18 ^m generation as well) 
will be presented in this section. (At this book's writing, the process flows for 0.25 fjm CMOS, 
and below, were not yet "standardized," and many possible variations of the flow postulated 
here existed.) This flow is "compiled" from the literature, where a number of 0.25 fjm CMOS 
technologies are reported, including those in Refs. 11, 12, 13, 14. Since the literature does not 
provide all the details of such flows, some of the information here is necessarily conjectural. 
Despite these issues, the 0.25 fjm flow presented here should be a reasonable representation of 

those found in actual use. ^ ■=- = , -~ 

= A number" of general characteristics of 0.25 ^m CMOS process technology should be noted. 
First, the lithography technology used for the critical masking layers is DUV optical 
lithography, which is based on 248-nm KrF laser light sources (and Mine lithography perhaps 
being used for the non-critical layers). Second, the power supply voltages of the systems using 
0.25 nm CMOS is 2.5 V, and for 0.18 /im CMOS is estimated to be 1.8 V. This is a deviation 
from the 5-V power supply used from the mid-1970s*s and down to when CMOS reached 0.65 
/im. However, when CMOS reached 0.5 //m, the gate oxide thickness had been scaled so much 
that the electric field across the gate oxide exceeded the- value that would permit reliable 
operation for the designed life of the systems (e.g., 10 years). To ensure adequate device 
lifetime, the power supply voltage had to be changed for 0.5 -fun\ CMOS to 3.3 V, and again at 
0.25-j/m CMOS to 2.5 V. (This is an example of how the limits of process technology impact 
the electronic systems specifications.) Third, the number of masking layers is likely to exceed 
20, especially if 5 or more interconnect levels are needed. Finally, 0.25-^m CMOS was initially 
being manufactured on 200-mm wafers. It is likely that 0.18-/jm CMOS will also use such 
wafer sizes. However, it appears that 0.15-^m CMOS, or 0.12-^m CMOS will enter large scale 
production on 300-mm wafers. 

As mentioned in the introduction, there are a number of process modules that had to be 
fundamentally changed as CMOS technology was scaled below about 0.35 fim. Figure 16-21 
demonstrates this quite clearly. 13 The order of carrying out some of the steps has also changed. 
Why these changes in the process flow were necessary will be indicated. 

16.3.1 Starling Material: The starting material for deep-submicron CMOS is predicted to shift 
more to p-epi-on-/> + wafers (Fig. 16-7b), because the gate-oxide-integrity is better on epi than 
on bulk wafers. However, the higher cost of epi compared to bulk wafers remains a concern, 
especially for such low-price commodity chips as DRAMs. Less expensive alternatives to epi 
are being studied. One process that shows great promise is the implantation of a high dose of 
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is placed on the hot adhesive with a force of 150-200 grams for up to two minutes at a 
temperature of 230°C. The thermoplastic nature makes this adhesive amenable to remelting for 
hybrid circuit repair or rework, but it also limits the maximum wire bonding temperature. That 
is, a 220°C maximum thermosonic wire-bonding temperature limit is recommended. 

17A3 Die Attach Equipment 

Equipment used in the process of die attach has evolved from operator controlled manual 
systems to the fully-automatic systems in standard use today. Systems capable of die bonding up 
to 4000 to 6000 parts/hr are now available, particularly for epoxy attachment. In such die 
bonders the wafers are presented in sawed-wafer form attached to an adhesive Mylar tape. The 
die-bonder has a pick-and-place unit, and the pickup arm then moves into position over the die 
to be attached. The arm is lowered so that a vacuum collet can pickup the die (Fig. 17-6). At the 
same time that the collet lifts the die, an ejector needle pushes the die from underneath, causing 
the die and the adhesive Mylar tape to disengage from one another. Some collet designs make 
contact with the upper edges of the die, while others have a rubber tip that makes contact only 

*l _ * r «f >u rt or. ie lift^H Pattern .r^rnonitirm systems enable the machines to 
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recognize chipped die or rejected die. The die to be bonded is then placed on the package subs- 
trate,, onto which.has.previously been placed the die-attach material. Die placement pressure is 
applied by the bond arm, and can be programmed to accommodate different die sizes. The die- 
bonder also contains a chip-attach material supply station and a lead-frame loader and unloader. 

Automatic die bonders must have the following characteristics. First they must perform the 
die attach process for a variety of applications. For example, new package types are continually 
being developed, especially to accommodate large die. Thus, the equipment may need to handle 
a wide range of die sizes. Second, the yield of the die-attach process must be high, and the long 
term reliability of the bonded parts must also be preserved. Third, the equipment must operate 
with a reliability of more than 90% uptime. Fourth, the equipment should be flexible enough to 
accommodate a wide range of product types, and be able to be converted quickly from one 
product type to another. Finally, the equipment needs to be easily integrated into a computer- 
controlled factory-automation system. Die bonders in 1999 ranged from $80,000-$250,000 for 
fully automated systems. 

17.5 BOND-PAD TO PACKAGE CONNECTIONS 

After the chip has been attached to the package substrate (or leadframe), electrical connections 
must be made between the bonding pads of the chip and the inner leads of the package (which 
are themselves connected to the package pins). 7 Wire bonding has been, and will likely remain, 
the most common technique for making the connections between the chip input/outputs (I/Os) 
and the package (especially for chips with up to about 224 I/Os). It is estimated that in 1996 
over 4xl0 12 wire bonds were formed in the fabrication of ICs. In this section wire bonding is 
discussed first. The other two methods for making such connections are tape-automated bonding 
(TAB), and flip-chip bonding. They are discussed in subsequent sections. 

17.5.1 Wire Bonding 

The wire bonding process is carried out after the die-attach step. Flexible wires are attached, one 
at a time, from bonding pads on top of the chip to the package. One of three methods is used to 
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N + H2 (5%) ambient for about 30 minutes. As a result, this step may also be used as 
the annealing process for reducing the interface trap density in the gate oxide that was 
introduced by earlier processing steps (see Vol. 1, chap. 7). 

5418 Passivation Layer and Pad Mask. Finally, & passivation (or 
overcoat) layer, such as CVD PSG or plasma-enhanced CVD silicon nitride, is put 
down onto the wafer surface. This layer seals the device structures on the wafer from 
contaminants and moisture, and also serves as a scratch protection layer. 

Openings are etched into this layer so that a set of special metallization patterns 
under the passivation layer is exposed. These metal patterns are normally located in the 
periphery of the circuit and are called bonding pads (Fig. 5-16). Bonding pads are 
typically about 100 x 100 /xm in size and are separated by a space of 50 to 100 /xm. 
Wires are connected (bonded) to the metal of the bonding pads and are then bonded to the 
chip package. In this way connections are established from the chip to the package 

. . - j: j_ : nm ^ti»i Kw nattpmina the. nnssivation laver with Mask 

ine ooiiuiug-piiu u^APnuigo "v«iw "j ~ -o — r — - - _ 

#7. If a PSG layer is used, the phosphorus (2-6 wt%) in the glass not only causes the 
PSG to act as a getter for Na but also prevents the glass film from cracking. Care must 
be taken to ensure that not more than 6% phosphorus is incorporated into the PSG, as 
this can cause corrosion of the underlying metal if moisture enters the circuit package 
(see Vol. 1, chap. 10). When silicon nitride is used, care must be taken to ensure that 
the deposited nitride film exhibits low stress (either tensile or compressive), so that it 
will not crack, since cracking would compromise the sealing capability of the film. 
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Fig. 5-16 Passivation layer and bonding pad openings. (Note, cross-section not to scale.) 
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82 Chapter Four 

layer over the metallization terminal pads on the periphery of the 
chip. This step is known as the pad mask (not shown in Fig. 4.6). 

The 12-step process illustrates how the four basic fabrication oper- 
ations are used to build a particular transistor structure. The other 
components (diodes, resistors, and capacitors) required for the circuit 
are formed in other areas of the circuit as the tranisitors are being 
formed. For example, in this sequence resistor patterns are put on the 
wafer at the same time as the source/drain pattern for the transistor. 
The subsequent doping operation creates the source/drain and the 
resistors. Other transistor types, such as bipolar and silicon gate MOS, 
are formed by the same basic four operations, but using different ma- 
terials and in different sequences. 



Chip Terminoioyy 

Figure 4.17 is a photomicrograph of an MOS medium-scale integration 
XMSinKifegfra^ of integration" was chosen-so-that 

the surface details could be seen. The components of higher-density 
circuits are so small that they cannot be distinguished on a photomi- 
crograph of the entire chip. The chip features are: 

1. A bipolar transistor 

2. The circuit designation number 

3. Bonding pads for connecting the chip into a package 

4. A piece of contamination on a bonding pad 

5. Metallization lines 

6. Scribe (separation) line 

7. Unconnected component 

8. Mask alignment marks 

9. Resistor 

Wafer Sort 

Following the wafer-fabrication process comes a very important test- 
ing step, wafer sort. This test is the report card on the fabrication 
process. During the test, each chip is electrically tested for electrical 
performance and circuit functioning. Wafer sort is also known as die 
sort or electrical sort. 



c 



560 Chapter Eighteen 

Another chip characteristic of importance to the packaging process 
is heat generation. Chips used in high-power circuits and highly in- 
tegrated circuits can generate enough heat to actually damage them- 
selves and the circuit. Package design includes heat dissipation fac- 
tors Heat is also an important parameter in packaging processes, with 
packaging process temperatures limited to 450°C. Above this temper- 
ature, the aluminum and silicon contacts on the chip can form an alloy 
in the wafer surface that causes electrical shorts. 



Package Functions and Design 

There are four basic functions performed by a semiconductor package. 
They are to provide . 

1. A substantial lead system 

2. Physical protection 

3. Environmental protection 

4. Heat dissipation , ', :, ' ; T — • '. * ., .. . ».„,_, 
Substantial lead system 

The primary function of the package is to allow connection of the chip 
to a circuit board or directly to an electronic product. This connection 
cannot be made directly due to the thin and fragile metal systenrused 
to interconnect the components on the chip surface. The metal leads 
are typically less than 1.5 fxm thick and often only 1 fim wide. The 
thinnest wires available are 0.7 to 1.0 mils in diameter, which is many 
times larger than the surface wiring. This d ifference in wiring sizes 
is the reason thatl the chip wiring terminates in the larger, bonding 

pads around the edge of the chip. . . — : ~ ~ 

Even though the wires are larger, at 1 mil in diameter they too are 
very fragile. This fragility is overcome by a more substantial electrical 
lead system that serves as the connection of the chip to the outside 
world (Fig. 18.4). The lead system is an integral part of the package: 



Physical protection 

The second function of the package is the physical protection, of. the 
chip froii breakage, particulate contamination, and abuse. Physical 
protection needs vary from low, as in the case of consumer products, 
to very stringent, as in the case of automobile circuits, space rockets, 
and military uses. The protection function is accomplished by securing 
the chip to a die-attachment area and surrounding the chip, wire 
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*596 Glossary 



ass mbly The series of operations after fabrication in which the wafer "islS 
separated into individual chips and mounted and connected to a package. i ^||f 

atmosph ric oxidation A process of oxidation of silicon carried out at atmoM 
spheric pressure. The equipment used for thermal oxidation is the same a£"ll 
that used for thermal diffusion. It is composed of four subassemblies: a reac^ll 
tant source cabinet, a reaction chamber, a heating source, and a wafer holder!! 

atomic force microscope (AFM) A microscope for profiling wafer surfaces byll 
plotting the output of a spring-balanced probe moved over the surface. 

atomic number A number assigned to each element equal to the number of iff 
protons (therefore the number of electrons) in the atom. 

atomic particles The parts of an atom: electrons, protons, and neutrons. 

base (1) The control portion of an NPN or PNP junction transistor. (2) The 
P-type diffusion done using boron that forms the base of NPN transistors, the - 3 
emitter and collector of lateral PNP transistors, and resistors. 

binary notation A way of representing any number using a power of 2 (the ?|1 
digits 0 and 1). 



bipolar transistor A transistor consisting of an emitter, base, and collector, 
whose action depends on the injection of minority carriers from the base by 
the collector. Sometimes called NPN or PNP transistor to emphasize its lay- 
ered structure. 

bi-MOS A circuit containing both bipolar and MOS transistors. 

boat (1) Pieces of quartz or metal joined together to form a supporting struc- 
ture for wafers during high-temperature processing steps. (2) A Teflon or plas- 
tic assemblage used to hold wafers during wet processing steps. 

boat puller A mechanical arrangement to push a boat loaded with wafers 
into a furnace and /or withdraw it at a fixed speed. 



BOE See buffered oxide etch. 



c 



bonding pads Electrical terminals on the chip (generally around the periph- 
ery) used for connection to the package electrical system. 



boron (B) The P-type dopant commonly used for the isolation and base dif- 
fusion in standard bipolar integrated circuit processing. v . 

boron trichloride (BCIJ A gas that is often used as a source of boron for 
doping silicon. 

bubbler An apparatus in which a carrier gas is "bubbled" through a heated 
liquid, causing portions of the liquid to be transported with the gas, e.g., a 
carrier gas (nitrogen or oxygen) is bubbled through deionized water at 98 to 
99°C on its way to the oxidation tube. 

buffered oxide etch A mix of hydrogen fluoride.(HF) and ammonium fluoride 
(NH 4 F) used to allow oxide etching to occur at a slow, controlled rate. 



